(19) 



J 



EuropSlsches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

03.07.2002 Bulletin 2002/27 



(H) EP 1 220191 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI 7: G09G 3/32 



(21) Application number 01125334.1 

(22) Date of filing: 26.10.2001 



(84) Designated Contracting States: 

ATBECHCYDEDKESFIFRGBGRIEITLILU 
MCNLPTSETR 

Designated Extension States- 

ALLTLVWIKROSl 

(30) Priority: 29.12.2000 KR 2000085683 

(71) Applicant: Samsung SDI Co., Ltd. 
Suwon-SI, Kyungki-do (KR) 



(72) Inventor: Kwon, Oh-Kyong 
Songpa-ku, Seoul (KR) 

(74) Representative: Modlano, Guldo, Dr.-lng. et al 
Modlano, Josif, Plsanty & Staub, 
Baaderstrasse 3 
80469 Munchen (DE) 



(54) Organic electroluminescent display, driving method and pixel circuit thereof 



(57) Disclosed is an OELD and a pixel circuit which 
comprise: an organic EL element for emitting light cor- 
responding to a supplied current; a first switch for 
switching data voltage supplied to a data line In re- 
sponse to a select signal supplied to a scan line; a first. 
TFT for supplying the current to the organic EL element 



In response to the data voltage supplied to a gate of the 
first TFT via the first switch; a second TFT having a gate 
coupled to the gate of the first TFT and compensating 
for a deviation of a threshold voftage of the first TFT; and 
a capacitor for maintaining the data voltage supplied to 
the gate of the first TFT during a predetermined time. 
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Description 

BACKGROUND OP THE INVENTION 

s (a) Field of the Invention 

[0001] The present invention relates to an organic electroluminescent (EL) display, a driving method of the EL disolav 
and a pixel circuit of the EL display. More specificaifc the present invention relates to an £J£, EL <£& 
tednvmj , methods and a pixel circuit for compensating for deviations of the threshold voltage of a thin film transistor 
(TFT) and ach,eving high gray scale display when driving the pixels of the OELD by using the TFT. 

(b) Description of the Related Art 

OZEl « ,n ^ n * ra ' , . the OELD •■««*■* excites fluorescent organic compounds to emit light, and performs voltage 
driving or current dnvmg on a (N x M) number of organic luminescent ceBs so as to display fmages. As shoTn in RG 

hln filmcomprises multHayers Including an emitting layer (EML), an electron transport layer (ETL), and a hole transport 
aver (HTL) so as to provide a good balance between the electron concentration and the hole ^SSSSSS 
proving emitting efficiency, and it additional* comprises an electron injecting layer (EIL) and a KISSES 

mSd driV 'H 9 °u r9aniC ,uminescent cel,s as de ^bed above are categorized as a passive matrix 

method and an act.ve matrix method. The passive matrix method forms positive electrodes to be perpendicular to 

to each ITO pixel electrode so that the voltage may be maintained according to capacitance capacitor 

S°v Ji Fl< t 2 IT" 3 °f nVentional P ixel circuit ,or drivi "9 a " OELD using a TFT, illustrating a pixel from among a 
(N x M) number of the pixels. Referring to FIG. 2, a current driving transistor (Mb) is coupled to the OELD and sxippHes 

mi k ? Ht ^ e thr0U9h ,he CUrTent driVin9 < Mb > is ^ the data voftage sup'ptd 

via a switching transistor (Ma), in this instance, a capacitor C for maintaining the supplied voltage during a predetS 
mined frame period is coupled between the source and the gate of the current driving transistor (Mb) Z gateTthe 

£.1 / 9 ? 3 ' 88 ,0 80 °P erat,0n of pixel having the above-described configuration, when the tran- 

Vdata issupplied to thegate (node A) of the transistor Mb viaadataline. In response to the data voltage V DflTA suppKed 
to the gate, the current flows to the OELD via the transistor Mb to emit light. DATA • 

35 [0006] In this instance, the current that flows to the OELD is expressed as follows: 

Equation 1 

40 'OELD 4< ^S-^7H) 2 =| ( WW^*,) 2 

whe ? represents the current flowing to the OELD, represents the vottage between the source and 
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[0007] As expressed In Equation 1 and according to the pixel circuit as shown In FIG. 2. the current corresponding 
o the supplied data voltage V DATA is supplied to the OELD, and in response to the supplied currJTI^SSSS 
ftgMjn this instance ^e data voltage V DATA has multi-step values within a predetermined range so a^ 
[0008] However it Is difficult for the conventional pixel circuit to achieve high gray scale bemuse of devSons of me 

TFT^ix L V °»h 9 /i ^ ^ the 7^' nherent ' r0m manufacturin 9 process thereof. For example, in me ce»e of d^tng the 
TFT pixels with data voltage in the range of 3 volts, two data voltages representing adjacent gray levels me^ be apart 

voltage is 100mV. it is difficult to dlscnmmate one data voltage from another which results in decreased gray scale. 



SUMMARY OF THE INVENTION 



[0009] It te an object of the present invention to provide an OELD for compensating for deviations of the threshold 
voltage of the TFT and displaying high gray scale. evremons or me tnreshold 

[0010] An OELD according to one aspect of the present invention comprises: a plurality of data lines for transmitting 
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data voltages for displaying image signals; a plurality of scan lines for transmitting select signals- and a plurality of 
pixel circurts respectively formed on a plurality of pixels defined by the data lines and the scan ted XmS&L 

17? Compns,ng: 3n ° rganl ° EL e,ement for emitti "9 »9 ht corresponding to a supplied current a CsSK 
switching data voltage supplied to a data line in response to a select signal supplied to a scln Hne a first TR 1 o 
supplying the current to the organic EL element in response to the data voltage supplied to a^e of the Z TfT IZ 
the first swftch; a second TFT having a gate coupled to the gate of the first TFT LZ^tTorf^lZ 

EH' 1 , A T°? aCC ? rding t0 one "P 8 * of 106 P rese « '"vention is to drive an OELD including a plurality of data 
defTnXtt^^^^ 

OEL JSiSill £ , S SUPPly ' ng CUriBnt l ° orQanto EL e,emente > ™thod ^ driving an 

OELD compnses the steps of: supply.ng a data voltage for displaying mage signals to the data lines- seauenttaHv 
supplymgas^ 

roCbEL^ P^«^ ^ votegetoagate of the TFT axKi supping me oun-entlo 

E° n 13 / i" °f !f P; xe,circuitacco ^ngtoone aspect of the present invention is formed on a plurality of pixels defined 
byaplural^ of data lines^scan lines, theOELDpixelcircuitcomprises: an organs 

to a gate of the first TFT, and the gate and a drain of the second TFT being coupled together a first swftch having 
^^IT* line " - d ha ™9 « ^ tenninal and a ^l^nS!^^^^ 
data line and a source of the second TFT; and a capacitor coupled between the gate and a source ol <Z StfV 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The accompanying drawings, which are incorporated in and constitute a part of the specification illustrate a „ 
embod,ment of the invention, and. together w*h the description, seryeto expiain CS^r 

FIG. 1 shows a diagram of a general organic EL element; 
FIG. 2 shows a conventional pixel circuit for driving the organic EL element 
FIG. 3 shows a timing diagram ef for the conventional pixel circuit 

FIG i IhZI fJ?!, 1 - 0 d l ViCe a< ^ 0rdin9 10 a preferred embodime "t of the present invention; 
FIG. 5 shows a pucel circuit according to a preferred embodiment of the present invention- 
FIG. 6 shows a pixel circuit according to a first preferred embodiment of the present invention- 
3 „ S , ° WS .f PKel CirCUit accordin 9 to a sec <>ntl preferred embodiment of the present invention- 
FIGs. 8(a) and 8(b) show timing diagrams for the pixel circuit as shown in FIG 6 
FIG. 9 shows a timing diagram for the pixel circuit as shown in FIG 7- 

HGs u^diSS T^T 9 10 B third Pr9,erred emb ° dime nt of the present invention; 
FIGs. 1 1 (a) and 11 (b) show timing diagrams for the pixel circuit as shown in FIG 1 0- 
FIG 12 shows a pixel circuit according to a fourth preferred embodiment of the present invention; 
FIG. 3 shows a p.xe crcuit according to a fifth preferred embodiment of the present invention- 
FIG 4 shows a pixe c rcuit according to a sixth preferred embodiment of the present invention- 

p ? e f J P ! XS ° rCUit aCC0,dln9 10 3 Seventh preferred embodiment of the present Invent on- 

FIGs. 16 and 17 show timing diagrams for the pixel circuit as shown in FIGs 14 and 15- 

F a o «hZ 3 PiXe ! aCCOrdin9 10 a " ei9htn pre,erred embodiment of the present invention; 

m In H r TT aCCOrdin9 10 3 " inth Preferred embodiment of the present invention; 

aid * a " 0r9an ' C EL e ' ement aCC ° rding t0 *• Preferred ^odiment of the present invention; 

FIG. 21 shows a cross sectional view of FIG. 20 with respect to a line A-B. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



30 



40 



45 



55 



[0015] In the following deta.led description, only the preferred embodiment of the invention has been shown and 
described, s.mply byway of illustration of the best mode contemplated by the inventorfe) of call™ S !5? , 
As will be realized, the invention is capable of modification in various obvious Z£ aT S d^n^t"- 
invention. According* the drawings and description are to be regarded as lU^^a^T^t 
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a ,G K 4 Sh T an ° ELD accordln 9 to a Preferred embodiment of the present invention 
Sim rl "STn *" ° EL ° COmprlSeS an 0ELD P anel 1 * * da * driver 30; and a scTn ng driver 20 

S Ills 5 8 "T ff ° ira "' " atCTrtl " 9 10 11,8 P*""*' «"*°<«™nt of 0» present invention 

[0025] The switch S1 is switched responsive to the select sional Seleetrni c,,nni!ow k„ «^ 

SSl ^ ° Perati0n ° f ^ *"* aCCp,t,in9 10 thS PrSferred embodi ^"t - *hown i" FIG. 5 will now be de- 
ES x/ Whe " r!° h S1 iS tUrned ° n aC0Ordin9 10 the se,ect 8i 9" al Select[n] supplied to the switch SI the date 

[0028J In this instance, the current flowing to the OELD is expressed as follows: 



Equation 2 



40 £3 5 this ' nstance - if the ^^hold voltages of the transistors M1 and M2 are identical that is V - V 

voltages of the two trans.stors are m.nimal. and accordingly, the threshold voltages become virtually identical. 
45 Equation 3 

wmmwmmm 
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5?2Lf 6 ^.T a r 6 ' drcUit 01 ^ ° ELD aCC ° rdin9 10 a f,rst P referred ^bodlment of the present invention 
Ittrt PMOB triors, and swrtches 81 and S2 of PMOS transistors M3 and M4 in the w£JS!SS!S^ 

SS2 ??' 8(9) ^ 8(b) Sh0W tim, ' ng dia9rams for drivi "S *• Pixel circuit of FIG. 6. 
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J" T T 'V 0 ""*' t0 8 Pr6ViOU8 ^ ™* is - the accorlg toThe seS 

the s.gnals must be supplied to the respective transistors in order of the previous7e?e*s^S^^ 
STL thS Se,eCt Signal Sel8Ct[n] is SUpplied before the P resent d ata voltage is supplied as shown in pig 

22?. *?J ° pera "°" 01 <** < * cu " M FIG - 10 « *• »"«n9 «arams ot RQs H[a) ana nibi » a. 
teveQ corresponds to the m.n.mum voltage supplied to the, data line and the maximum gray level (iT white 

55 ESS £ G 8 „ 1 ™^ 
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reset signal terminal or a previous scan line 

-pi t^T^ 7* * - also be incized via the transfer M4 

the pre<harge voltage, since ^|S3JZ? wiring or ^ n Se,ect , si 9 nal is used «* »» ground voltage or 

' wiring is reduced and the apeZ rTo fsTreas^ 9 P ^ W ' nn9 " n0t t0 be f0rmed ' the «"•«* * 

sss 

to that of the pixel circuit of FIG. 6 except that the NMOS KnI2t mJ? ^ M 3 conf, 9 uration al ™« Wentical 
MJA, externa, reset signal is supplied 2 ££!t£££Z£ * M * the PM0S *» 

the voltage at the souL (node a'o? me tSiX!!£^R « 1tn T r M4 at 8 reset operatton ' and 
Therefore, the voltage V J between the^S ^tSSJSJSiSSr 1 ? "" ^ 0perati ° n - 

current flowing to the ground or the ore-charae rvnir«. ZTJ? J^T tor MA continues t0 b ® decreased and the 
and substantial reset ^«qu35S?2^S!22 1 8 A Wa ^'^^ M4 ConUnues to be reduced 
s'storM4 m ustbegreate^ 

supplied at the reset operation is the nmnnri ™.to™ I ? 7 V0Itage vm - wnen ft ,s assumed that the reset signal 

ground level, and accordingly, the range of the data ^S^S^^Zi!^ nT* " ^ 
voltage V(3S between the gate and the source of the InZZSZZt ikSJZ T be [ T dened - Abo - si " c ° »e 
to the ground or the pre-charge voltage from the Z£f£ X!SSSXST^ * * ^ f '° Win9 
operation can be quickly performed trans.stor M4 is constant, end accordingly, the reset 

Tw^in^ 

£^ 

transistor M9, the previous select signTselS^J ^ " ® ° 0Up,ed t0 the gate of the NM °S 

coupled to the scan line is an nSSS«2? ^ S ' 9na1, ^ the tranSiSt0r M1 0 havin 9 *• &° 

Satt™^ 

signal (reset signal), the data signal and the present '2£^r^^ tra ^ h ^ rfto P^"to 

fZLSrir^ 

[0062] The PMOS transistors and the NMOS transistors of the resDeeth/* nivoi ^ .»» ^ - « 

metrically changed with those of the pixel circuits of FIG? H andTs ,GS ' 1 8 and 1 9 are Sym ' 

10063] Since the operation of the pixel circuits in FIGs 18 anri iq n* n K fl m >. 

=l „g ,o «. abov e ae , cw , on , a P ^ alM iiSSi ". "X^** * " y ° S " W Pe "°" 
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[0070] In this instance, a portion of the polycrystalline silicon layer 200 under the gate electrode 41 0 is not dooed 

ELKS' ?* m ? ° n f °- B ° th ° Uter SldeS ° f the Channel res,on 220 in Polycrystalline Sfcon \ayT^Te 
doped with p-type dopant and respectively form a drain region 230 and a source region 210 
[0071] An insulating interiayer layer 500 of silicon dioxide orsilicon nitride is formed on the top of the gate laversuch 
as the scan line 400 or the first capacitor electrode 450. and the gate insulation layer 300 and me InterC rSL soS 
have contact holes C1 and C2 to expose the source and drain regions 21 0 and 230 * ^ 

SL A J ata J' n ! 2 r ° r M ° fe f0m8d in the Wendlcutar direction on the interiayer layer 500 A portion 
extended frcm the data l.ne 600 and superimposed with a portion of the silicon layer 200 of the region I that TZ 
source reg,on210. becomes a source electrode 610. In this instance, the source electrcde 610 S^necS to Je 
source region 210 via the contact hole C1 formed on the interiayer layer 500 connected to the 

f?!! 31 J^ 0 ' ? Capa ° it0r e ' eCtr0de 650 su P erim Pcsed on the first capacitive line 450. forforming capacitance 

A SSii T r ' denti H 31 W,th 1,131 ° f ,he d3ta Hne 600 and with a material identical •*■> »at ofTe dSne boo 
m^f^ ^"f 1 ^P 801 * 01 ^ e'««~cte 650 is superimposed with a portion of the silicon layer 20oSWregton 

l^£ th 8 ° Urce 21 °' beC ° meS the S ° UrC6 electrode 61 °- ln th * ,nstence . » a souL eXde 610 
connected to the source region 21 0 via the contact hole C1 eiewroae oi u is 

St f lra H 0 A Urth S ! Sna ' " neS 6401 66 °' 670 and 680 are formed on the the sa ™ '^er with the same material as 
he date line 600. A portion where the first signal line 640 is superimposed with a portion of the polyc^taZ^ 
layer 200 of he region II, that is. the drain region 230. becomes the drain electrode 620. and^Sntten! *e 
second signal line 660 is superimposed with thesource region 21 0 of the region V becomes the^^^^ 

f ? P TT the f ° Urth S,9na ' " ne 680 is ^P^Posed with me drain-region ^ofttere&n 
l^TZ 1 r0dS 62 °- tWs inStance ' the souree and drain elec trodes 610 and 620 are°espeSe.v 

the e ° Uree and drain regione 210 and 230 via the contact holes C1 and C2 respective* 
E, ™° Z d 8 ! C ° nd ! i9 " al " neS 640 3nd 660 are connected to the first capacitor electrode 450 via a contact 
;1 , 9 ^ 38 Sh0W " RG - 13, thS drain e,ectrode of the transistor M2 is connected to thTqate e ec 

ro desofthetrans«tor S M2andM1 andthe source electrode ofme transistor M4.^ 

to a previous scan ..ne Seleclfn-1 ] via the contact ho.e C3. and therefore, as shown by the eJuSZ Scuinn T 
the dram electrode of the transistor M4 is connected to the previous scan line ' 
[0076] A passivation layer 700 of silicon oxide and silicon nitride is provided on the data wirinn «. ,rh « * , 
600 andthe source and drain electrodes 610 and 620. A transparem pixTele^ode 800 SndKiJ^lroib 
foimed on the protective insulation layer 700 formed on the region IV The pixel electrode Boo te rT™^ S * 
rnS 0 ^ ° f thS TFT M1 thr ° Ugh a Via h0,e 04 fomied « ?«. passSn iayer 7^0 connected totha d ™ 

almost the same process condition, their threshoid voltages S5 ".m^nSL manufactured unda ' 

0079] Therefore, according to the preferred embodiment of the present invention.' since it is satisfied that V 

»L *T°? 3 ' S Vi T* S3tiSfied and *• ° ELD ° f hi9h W sca,e ca " ba implement^ ™ ' 

[0080] The layout and the cross sectional view of the OELD shown in FIGs 20 ann 91 

embodiment, and diversified variations of embodiments can balnX^" P ^ eXemP "" ed 

[0081] For example, in the case of manufacturing the OELD using scanned laser beams in rxiraiioi to tho o™„ ., 

;SoaT s ifr m k 1 h be 'r ed on the iine in para,iei to the — * k^it^esse? 

[0082] As descnbed above, the present invention effectively compensates for the deviation of th^TwJh ?h 

of the TFT for driving the OELD and implements an OELD of higher gray s^ale of the threshold voltage 

[0083] While this invention has been described in connection with what is Dresentlv rnn« w»mH t~ t,« «. 

tical and preferred embodiment, it is to be understood that the invenZ fe noSd to ft« cS? h k f ^ 

but. on the contrary, is intended to cover various modifications JSS^iE^ 

and scope of the appended claims, where technical features mentioned ^SSZX^^,S^S 

those reference signs have been Included for the sole purpose of increasina the InZ^^S! , , f 9 !' 
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Claims 

1. An organic electroluminescent display (OELD) comprising: 

a plurality of data lines for transmitting data voltages for representing image signals; 
a plurality of scan lines for transmitting select signals; and 

a plurality of pixel circuits respectively formed on a plurality of pixels defined by the data lines and the scan 
lines, each pixel circuit comprising: 

an organic electroluminescent (EL) element for emitting light corresponding to a supplied current; 
a first switch for switching data voltage supplied to a data line in response to a select signal supplied to 
a scan line; 

a first thin film transistor (TFT) for supplying the current to the organic EL element In response to the data 
voltage supplied to a gate of the first TFT via the first switch; 

a second TFT having a gate coupled to the gate of the first TFT and compensating for a threshold voltage 
deviation of the first TFT; and 

a capacitor for maintaining the data voltage supplied to the gate of the first TFT during a predetermined 
time. 

2. The OELD of claim 1 , wherein the OELD further comprises a second switch for Initializing the data voltage supplied 
to the gate of the first TFT in response to a control signal. 

3. The OELD of claim 2, wherein the control signal Is an additional external reset signal. 

4. The OELD of claim 2, wherein the control signal is a select signal of a previous scan line. 

5. The OELD of claim 4, wherein the data voltage is supplied to the data line before the select signal is supplied to 
the pixel. 

so 6. The OELD of claim 2, wherein a gate and a drain of the second TFT are coupled together. 

7. The OELD of claim 2, wherein the first switch is a third TFT having a gate coupled to the scan line, a source (or a 
drain) coupled to the data line, and a drain (or a source) coupled to a source (or a drain) of the second TFT, and 
the second switch is a fourth TFT having a gate coupled to the control signal, a source (or a drain) coupled to the 
gate of the first TFT, and a drain (or a source) to which a predetermined voltage for a resetting is supplied. 
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8. The OELD of claim 7, wherein the predetermined voltage supplied to the drain of the fourth TFT is a ground voltage. 

9. The OELD of claim 7, wherein the predetermined voltage supplied to the drain of the fourth TFT Is a pre-charqe 
*o voltage. * 

10. The OELD of claim 9, wherein the pre-charge voltage is set to be marginally less than the minimum data voltage 
supplied to the gate of the first TFT so as to represent the maximum gray level. 

** 11. The OELD of claim 7, wherein the gate and the drain of the fourth TFT are coupled together. 

12. The OELD of claim 7, wherein the first to fourth TFTs have an identical conductive type. 
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13. The OELD of claim 7, wherein the first to third TFTs are first conductive type transistors, and the fourth TFT is a 
second conductive type transistor which has a polarity opposite to that of the first conductive type transistors. 

14. The OELD of claim 7, wherein the first and second TFTs are first conductive type transistors, and the third and 
fourth TFTs are second conductive type transistors which have polarity opposite to that of the first conductive type 
transistors. 

15. The OELD of claim 1, wherein the first and second TFTs have almost identical threshold voltages. 

16. The OELD of claim 15, wherein the first and second TFTs are parallel to the data line or the scan line, and formed 
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on a same line. 



17. A method for driving an organic electroluminescent display (OELD) including a plurality of data lines a oluralitv of 

^^zz^eizr and the scan ,ines and suppiy — to 

supplying a data voltage for representing image signals to the data lines- 
sequentially supplying a select signal for selecting a pixel row to the scan lines- 
switching the data voltage supplied to the data lines in response to the select sianal and «, 
supplied data voltage to reduce a threshold voltage deviation of the TFT E? 9 ' C ° mpenSat,n9 the 
2ZT 8 C ° mpenSated ^ V ° ,tage t0 3 9ate ° f the ^ «d supplying the current to the organic EL 

19. The method of claim 18, wherein the control signal is an additional external reset signal. 

20. The method of claim 18, wherein the control signal is a select signal of a previous scan line. 

21 * *L m ^Z C>Bim WhSrein ^ ^ VOte9e fe SUPP,ted 10 the date ,ine before "» * applied 

M 'LTe?an~s^ 

an organic electroluminescent (EL) element; 

a firstthin film transistor (TFT) having a drain coupled to the organic EL element- 

togln 93,6 t0 8 93te ° f " TFT ' ** 9816 ^ 3 ** °< "» 

a first switch having a control terminal coupled to the scan line and havina a fir^t tarminoi 
terminal respective* coupled to the data line and a source of tie secend I TF? an^ 
a capacitor coupled between the gate and a source of the first TFT. 

23. The pixel circuit of claim 22, wherein the pixel circuit further comprises a second switch havina a control terminal 
to which acontrol signal is supplied, a first terminal coupled to the drain of theseco^TFT and ^2 
to which a predetermined voltage is supplied. ' and a Second ,erminal 

24 ' ° f °' aim 23> Wherei " " additi ° na ' 6Xternal reS6t Siflna ' ,s su «* ied to »• control terminal of the 

25. The pixel circuit of claim 23, wherein a previous scan line Is coupled to the control terminal of the second switch. 

26. The pixel circuit of claim 23, wherein the first switch Is a third TFT havina a oate counter! t n th* o.= 

(or a drain) coupled to the data line, and a drain (or a source) cXpfed to 15SS?£K SS?' ' ™ 

27. The pixel circuit of claim 26, wherein the gate and the drain of the fourth TFT are coupled together 

28. The pixel circuit of claim 26, wherein the first to fourth TFTs have an identical conductive type. 

29. The pixel circuit of claim 26. wherein the first to third TFTs are first conductive type transistor and the fourth tpt 
.sasecondconduct^e^petransistor which hasapolanty opposite to IWolSfll^SS^SS^ 

30. The pbce. cirou* of cUn 26 wherein the first and second TFTs are first conductive type transistors, and the third 
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and fourth TFTs are second conductive type transistors which have polarity opposite to that of the first conductive 
type transistors. 

31. The pixel circuit of ciaim 22, wherein the first and second TFTs have almost identical threshold voltages. 

32. The OELD of claim 3, wherein the first and second TFTs are parallel to the data line or the scan line, and formed 
on the same line. 
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FIG.2(Prior Art) 
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FIG.4 
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FIG.6 
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FIG. 7 
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